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(54) MAGNETO-RESISTIVE ELEMENT, 

REPRODUCING HEAD AND RECORDING AND 
REPRODUCING SYSTEM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To decrease reproduction 
noises and to obtain good/SN and bit error rate by using 
a tunnel junction element consisting of a free 
layer/nonmagnetic layer/fixing layer and providing part 
of the free layer with longitudinal bias layers. 

SOLUTION: A lower shielding layer 1 and the free layer 6 
are successively laminated on a substrate and the 
patterned longitudinal bias layers 7 and insulating 
layers 8 are laminated thereon and further, an upper 
electrode layer 9 and an upper shielding layer 10 are 
laminated thereon. The portion between the fixing layer 
3 and the free layer 6 constitutes a magneto-resistive 
film. When cun-ent is passed from the upper electrode 
layer 9 to the lower electrode layer 2, the current 
passes between the insulating layers 8 arranged on the 
right and left from the upper electrode layer 9, passes 
between the free layer 6 and the fixing layer 3 and 
flows to the lower electrode layer 2. Since the 
longitudinal bias layers 7 are insulated from the flow 
of the current, the layers do not participate in the 
flow of the current. Since the longitudinal bias layers 



7 are directly laminated on the free layer 6, the free 
layer 6 is sufficiently longitudinally biased. 
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[0 0 9 5] z:<^^ ^wrxmmssmn;^c5§ 
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[0 0 9 6] vrzii^-DX. ^:o^>^$:^v^srt^c<^: 
[0 0 9 7] rrx'ti, Te^-;i/K±{cTm^^iit^b 

[0 0 9 8] X 2(i:^^tc^-5®[tc^^TS&l^^y K3 0 
[0 0 9 9] ip-b, ®8Cti, t/-JV\^m^>'^B^A 

fe»;, 04^, ^±^c?^s4^fcT5>-;l/K®l^, ^i-^ 

i/-;i/K«ii:^^nfeTm^2i:, ^^mMM 

^v^^i^ga^^^^B^^^2 0i:, '>;&<i:t)-as;t»^s^ 

®HiM 5 tCg^bTfe *J, y -M 6 

-D^my y -m e tc^o'i?^ < i:%-as*^UTv^-6iS^ 
A^ry.M'Tt. prj^<t:^-mt!^mmyv~mG^zm 

brvN-6±mMM9i:, '>JS:<i:*;-^;()^±m^9c7) 
KlOi:, ;b^^?5:S®E^C^JfS^&^^y K3 0T*&S, 

30 [0 10 0] ±Mi^rc>^nmiz^^m^im(i^^^y k 

3 0tCOV%TJ:y^tC^1--&;fce)ti, 08tC^-r^ 
tc, i/-;vh^-fe>-»?'S5$:ABS®tcWtc-Wofe^ 
^T'm-SJ&^ti. S«c±tCTi^-;VKK Tm^2, 

;S@®fiM/)^^^ss^i--2>M3, m^A-B^mm 
wi5timmM^nx\^^^o 

[0 10 1] ^(D±^zm<D^t>\z/^^~yif^nr:iyv 
-m^ms-r^. ^*y. y')-m6<r>^\z{mmiM 

8 fei:oifs^t>r y 7 *^^©j@as*^7 y -m e izm-t 

40 [0102]^ 6tC^CO±aiSCtt±m^9 1SJ;:ZJ^±t^ 

-;i/KMi 0 7!)^$nSo 
[0 10 3] X, ®^bT^iv^;5:^r^T^/S^i■5>M 
3 4 5 /7 y -M 6 C^>giS^^;b^®^ 
^^S&^^V^^i®£^C^^S^^^2 OT'^^o 

[0 10 4] rcD^T'it, mzm^<D±mmi}''^Tn 
^m^^zx ^)m^&rf<Dmtm^\ami^nx\*^ 

50 ^(DX\ mgfgcogfyx:^tcg§#l-5»z.i:ti:^v\ 
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[0 10 5] if-, wur7.m\ty'j-mici^Lx^^ 

[0 10 6] LAcA^oT, r^0^$:^V^-5ri:^CJ: 

[0 10 7] rciT^ii, Ti^-;^ F±tcTm^S:at® 

[0 10 8] rwmMtyv-mt(Dm\z\trm§^. 
[0 10 9] mz. :^nmiz^^m^mmm^^y ks 

[0 110] fiPt>, 09{cti, e/-;i/F^-fe>-tfis$:A 

fj:<t%-mti^i^-)V KM 1 <0JigStCJ^^$*x5>A^T 
i/-;i/K®ii:^$nfcTm^2i:, 

5 /:7 V -m 6 ^r^s^:^^:^-^^^ h > 
^vxtiSaigC^Sai^aOt, ^gt^^«^5±C?^^R 

$tiei:^^tc -^t'^^myv-meizmvx^^^mm 
Mst. #®M^Mi l$:/r■r'5/)>fe^v^^i^id^^c, 'i? 

mm9<D±Bizm^^n^f)\ ±wMM9himm^ntc 

OA^^^tlTVN^o 

[0 111] ±Ml.tc;^^\z^^^^imi^m^y K 
3 0tcov>T«fcUfMlctSi^i-SJ&^>ti. S9C^i^ 

[0 112] ^<D±\zm(D^^^zAS-yittstir=:y u 
[0 113] ^mi^miz^i'-f^^Wi^mmmmi i \t. 

[0 114] y^^izm^^mmm^ury^iit^mm 
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mmi iCJ:UTOn$ns:^^$*^n>hn-;i/$n^ 

[0 115] yv-me<D:^iz\tm^ti^^^nx 
v^s, $e)tc^cD±giStctiJ:@@®9fc<l:i;±i/-;i/K 

MlOA^^tlS, 

[0 116] ®^bTV^;S:v^T^/S^1■'&M3/g 
^4 5 /7 U -® 6 (^>aidf>A^®i^CM^ 

[0 117] c:o«str*ti, ^^csc^J<^±@M;^)^^Tm 

y.m. wmmm. yj-m. ^ms^. 
it^^urxm\>mmM^j^ox% ^orniij^zm^ 

[0 118] tf:!. ^Mrx®^i^u-®tcg^LTv^ 
^<DX\ ^<DWUr7.[ty^)-M^z-\'^^ma^n^z 
t\zfj^^>. LfcA^oT, zom^^m^^^:it.\z^v. 

yv-m\zwury^^^'bAjtmyt^^t^m 

20 ^t^Z.t.ii^X^^. 

[0 119] Z.Z.X\t. Ti/-;i/K±tCT@^S:lli® 

[0 12 0] ifc, Ti/-;i/Fi:Tm^ ±Mmt±iy 
-;i/K$:^{cf ^ri:t*T$-6o Tm^i:7»J-M 

±Bm^m'f^zt^xn^. m^UTy^tmizm^fj^ 

[0 12 1] ifc, ^rrT'ii^a^^^^yiSW^^^^u 

<t^y^j-mty^^-yit^tix^^ti\t^<. ^tia 
[0 12 2] fi^ctc :^^iz%^mMmmm^^y ks 

OO^7(Z):^<|:0!ltC^^^$:01 0$:^U?5:A^e)# 

[0 123] fiP*>, ElOCJi. i/-;Uh^-fe>-9-SP$: 
40 A B sm(omizW47lz^^ ;t^E5T®(^l5fc^*^^$ tl 
Tfe»J, ^±lC?^^a$txfcTi>-;i/KMli:, 

'pfj^ < t K 1 o:)±mzm^^ti^i}^T 

K 1 tim^nr:irmMM 2 i:, ^^m^ 2 
±\zmm^ nfc, 3 4 /^m^ 5 

®^5tCg&UTS»J, E.oB<7>Sftj^;{)^^^y'U-M6 
C^bTV^-5SKbi^^^>rT;^M7i:, ^pfj:< t^-B 

ti^^myv~mGizmi^x^^^±mmmQt.. 'prji<t. 
50 %-^;5^±@^90_haitc?^fi^$tis7b\ ±mm^ 
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[0 12 5] ^CO±tC0(7)<i:e»tC/^^i->fb^nfe7i; 

r%m 1 i^^o^m^if^y u -m e tcg^-r ^ i: ^ cKes lo 
[0 12 6] ^^bi^wr;^Mi±. Jii^^cD^Sig 

[0 12 7] ^i^\Z^<D±M\Z.\tJLmmi^1S^XS±^ 

-;vK®i o^^StiSo 

[0 12 8] ®5^$n■^iV^;5;V^T:^/©^■r5>M3 

^5&^i^v^^i^sa^h>^;l/g^2 oT'&ao 
[0 12 9] rcD^Tit, {sc0c|ico±m^^e>Tm 

[0 13 0] ife. ^a/UT;^M^i:7U-M^cggUTv^ 
[0 13 1] z,ZX'\ts Ti^-;i/K±tcT@@^ia® 30 

[0 13 2] Twmtyv~m^(Dm^{trimk. 

[0 13 3] ±iaL^@i;b^e)@i oo^:ft<!|cMcs^t-t 
S:, 01 4*^^)02 otc^b^o rrr-ti, is/^>rT::^ 

[0 13 4] fiP*.. 01 4-^02 OCO^raSti, 2|s:^^ 
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[0 13 5] mti. 01 4tCif^tt^K^A(Da5d9'li. 

e/-;i/KSi ooTtcii^@^»^*^iBe$nTv%5> 

^S:^U XIS^Bli, ^citC$©i^8;t)t^^U HE-CD 
TtC#^SaHi®5, S^4, ©^^-6^3, TmM2a: 

[0 13 6] [^tC. E^CC5^V^T^i. m^®;&^±i/ 
KM 1 0 T«|gg$tLT v^s i:f^^tc^<©Ttc±m@ 

S5, @^4, S^1--&M3, T@@2^ofTi:/-;i/ 

[0 13 7] X, lE^Dli. S^M3?»^±i/-;i/KMl 0 

M6, #^®^5. S^4, g^fS®3, TmM2 
mrfi^-)^^ KM 1 *^:l^^)l^i^c^»^±L^^)e)tlTv^Sl^ 

[0 13 8] MIC, lEigcEtC^^VNTti, ^M;b^-hi^- 
;vKMi 0T'^$tiTv>-6i:f^^C-ecDTtc_b@^ 
9, ifi^MS, ^^gaf4M5, S^4, @^t-5»M3, 
Tm@2&tJ^i/-;i/ KM 1 35>^rcD)iitci|^^L/«?)e)4x 

[0 13 9] JL^T01 5—02 0<D-etl^4xcO^*v KCO 
[0 14 0] X, ±fBLj^|g^tc^^ffiE^M/S$&l^ 

[0 14 1] X, 3^^^{c^e^(^c;o^i:bTt±, 

-s^i^giKi: x^xissm^mL^y^oymi^itk 

-^r$:fB<»$-&'5>ci«)<D^^^CIS^ii/7.'5^Ai:. ^^2 
[0 14 2] OT^C;^^^;5&^tCS^V^T^$n-5^S^tC 
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[0 14 3] fipt), ±mi^r=.m^^^Wi^mmfi 
[0 14 5] mmz±Mi^r:L7W^<DM.i^mizti^^^xm 

[0146]^ 

rn/f-v^. sic y)\^K^. rjir^y^yyjv^^. s 

iC/T;i/^:^ 

NiFe, CoZr, ^^(iCoFeB, CoZrM 
o, CoZrNb, CoZr. CoZrTa, CoH 
f, CoTa, CoTaHf. CoNbHf. CoZr 
Nb, CoHf Pd. CoTaZrNb, CoZrMo 
Ni-a^, FeAlSi, mi\:S^iMm. MnZn:7x 
■^^rh, NiZn7x^-<h, MgZn7x^^ 

Au. Ag, Cu, Mo, W, Y, Ti, Zr, Hf, V, Nh, lafi^^i^ 

wmmm 

^-f^=E>K^-<^^*-;J^>, Au, Ag, Cu, Ma 
W. Ti, Zr, Hf, V, Nb, la^tf^^f£^m<^ 

Au, Ag, Cu, Mcx Y, Ti, Zr, Hf, V, Nb, Taf)^^f^ 

NiFe, CoZr, t^t^CoFeB, CoZrM 
o, CoZrNb, CoZr, CoZrTa, CoH 
f, CoTa, CoTaHf, CoNbHf, CoZr 
Nb, CoHf Pd, CoTaZrNb, CoZrMo 
Ni-^, FeAlSi, mim^m. MnZn^x 
^-rh, NiZn7x^>fh, MgZn:7x^^ h^^?) 
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Au, Ag, Ou Mo, W, Y, Ti, Zr, Hf, V, Nb, TaA^e)J5; 

CoCrPt, CoCr, CoPt, CoCrTa, F 
eMn, NiMn, Ni^bi^ NiCo^fci^ Fe^ 
NiFeSKb^ I rMn, PtMn, PtPdMn, R 
10 eMn, Co-7a:^>f h, :sl'^ ^ htS'^tj^^W-^ # 

mms iB^xm^ 

[0 14 7] X, ^^\zmn^m^mmmw=^y 
[0 14 8] fip^. mx\t. 

• m^/ (rf^/y V -m/m i MRx>yN>xM/ 

^^lKf4M/ll2MRX>/N>>^.^/@^/@^-re® 

-m^/ (T^/H^-rs^/s^/^iMRxv 

/^>;^M/#«^/ll2MRx>/^>;^^/•7 'J 

■ ^/T^/m 1 m^-f^m/m 1 1 M 

30 U-M/m3MRx>A>::^l?/'#?Kf4S/^4MRx 

^smi/m2UR:sLynyy.m/y u -®/#^fia?i4M 
/) s:N[E^>jjgL«MLfe^ (Niiimo 

' m^/y^y (y u -myf^ i MRx>y\>^^/ 
ms^ym 2 m r x >y ^ > ysmym^y^^^mm 
y) ^N^i)mLmM\^f=.m (NjiiRj:^ /^u- 

40 • m^yy^ym^ym 1 MRx>y\ 

i5^/||2MRx>>rN>;^®/7 U -M/^l 

• m^yym^yy v -mym 1 mrx>a>::^^/^ 
wmym 2 m rx>/\>:;^m/@^/^^ 

[0 14 9] jitc, ^m\zm^-f^mmmmiim^ 

[0 15 0] M:im^Z\t^ Ta, Hf, Zr, W, C 
r, Ti, Mo, Pt, Ni, I r, Cu, Ag, C 
50 o, Zn, Ru, Rh, Re, Au, Os, Pd, N 
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[0 15 1] mOTxMtVX. Ta, Hf, Zr, W. 
Cr, Ti, Mo, Pt, Ni, I r, Cu, Ag, C 
o, Zn, Ru, Rh, Re, Au, Os, Pd, N 

[0 15 2] T^^i^V^;5£V^#^%Jfe^o 

[0 1 5 3] 2^c^^tc5*l-J5>^^®£^^lfS?Jf^ 
RcS^VxT^$n-67U-®i:LTli, NiFe, 
CoFe, NiFeCo, FeCo, CoFeB, Co 
ZrMo, CoZrNb, CoZr, CoZrTa, C 
oHf, CoTa, CoTaHf, CoNbHf, Co 
ZrNb, CoHfPd, CoTaZrNb, CoZr 

MoN i^trMr=e)\^y7:^^mM^^m^^^z.t 
[0 15 4] Mtc, :^^\zn\^^^mmMsmm^ 

[0 15 5] m^\t. mm,vy'^}\^^^mD^mm 
m<mimi^^<\t^/mm2mms ^/mim 

[0 1 5 6] X, Ti, V, Cr, Co, Cu, Z n, 
Y, Zr, Nb, Mo, To, Ru, Rh, Pd, A 
g, Hf, Ta, W, Re, Os, I r, Pt, Au, 
Si, Al, Ti, Ta, Pt, Ni, Co, Re, V 

ti3ne>i:Ti, V, Cr, Co, Cu, Zn, Y, Z 
r, Nb, Mo, Tc, Ru, Rh, Pd, Ag, H 

f, Ta, W, Re, Os, I r, Pt, Au, Si, 
Al, Ti, Ta, Pt, Ni, Co, Re, VaDWtit 

[0 15 7] mi^\zmm$mm§^m^^r:Lm^^ 

S&^^O^li, Ti, V, Cr, Co, Cu, Z n, 
Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, A 

g, Hf, Ta, W, Re, Os, I r, Pt, Au, 
Si, Al, Ti, Ta, Pt, N i, Co, Re, V 

trc\tz.ti^tTi. v, c 

r, Co, Cu, Zn, Y, Z r, Nb, Mo, Tc, 
Ru, Rh, Pd, Ag, Hf, Ta, W, Re, O 
s, I r, Pt, Au, Si, Al, Ti, Ta, P 
t, Ni, Co, Re, Va)#f*s m£^t<D 

[0 15 8] ^l^<fctf||2MRzc>/\>XMi:bTli 
Co, NiFeCo, FeCo^,' ^fetiCoFeB, 
CoZrMo, CoZrNb, CoZr, CoZrT 
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a, CoHf, CoTa, CoTaHf, CoNbH 
f, CoZrNb, CoHfPd, CoTaZrNb, 
CoZrMoNi fMy^Jvy r:^mi^^m 

[0 15 9] ^^\zn^^xmm^ti^m^ti^x 

Ji, NiFe, CoFe, NiFeCo, FeCo, C 
oFeB, CoZrMo, CoZrNb, CoZr, C 
10 oZrTa, CoHf, CoTa, CoTaHf, Co 
NbHf, CoZrNb, CoHfPd, CoTaZr 
Nb, CoZrMoNi-^^fctir^yi/VTX®^ 

[0 16 0] ^feli, zn^t. Ti, V, Cr, C 

0, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Hf, Ta, W, Re, Os, I 
r, Pt, Au, Si, Al, Ti, Ta, Pt, N 

1, Co, Re, V%:^'-:^t't^!fJV-zrf}^^fj^^^ 

20 v^5>ri:%Bri6'efe'5„ 

[0161] Co/Ru/Co, CoFe/Ru/Co 
Fe, CoFeNi/Ru/CoFeNi, Co/Cr 
/Co, CoFe/Cr/Co Fe, CoFeNi/C 

Tits FeMn, NiMn, I rMn, RhMn, Pt 
PdMn, ReMn, PtMn, PtCrMn, CrM 
n, CrAl, TbCo, Ni^fc#(, Fe^fci^ N 

immtcommom^ NiiMb#fi:Fe^b 

30 !^/'Femmzmm. CoCr, CoCrPt, Co 
CrTa, PtCof^t^^m^^^ZLti^V^^o 
[0162] PtMnfcb<tiPtMntCTi, V, C 
r, Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, 
Ru, Rh, Pd, Ag, Hf, Ta, W, Re, O 
s, I r, Pt, Au, Si, Al, Ti, T a $:^i0 

[0 16 3] X, ^^mimtuxit. mm. mt 

mmtmimam'^^i'<\t^y^m2m 
m. ^ymim2Mm. ^/ mmtmimtio 
40 2 mm. $:Mv^^o 

[0164] Ti, V, Cr, Co, Cu, Z n, Y, 
Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, H 
f, Ta, W, Re, Os, I r, Pt, Au, Si, 
Al, Ti, Ta, Pt, Ni, Co, Re, YCOmt 

mi5J:xfmm<Dm-i^ tr^ztih 

i:Ti, V, Cr, Co, Cu, Zn, Y, Z r, N 

b. Mo, Tc, Ru, Rh, Pd, Ag, Hf, T 
a, W, Re, Os, I r, Pt, Au, Si, Al, 
Ti, Ta, Pt, Ni, Co, Re, V^mmtS^ 

50 x}^m^m(omi^ ^mm. m-^tcommmti^mti^m 
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[0 16 5] ^C, 01*^e>01 OtCf^l^^Lfe^ 
[0 1 6 6] 02 1 (A) - (H) tiHlC^bfe^ 

[0 16 7] ^±CT^>-;i/Fi, rWM2. «^ 

[0 1 6 8] MtC, PR$:?^U #^ffiH4®5Sr*5U 10 

[0 16 9] vyh^yi^tcm^^ TWM2timm^^ 
0 ^im-t^. 

[0 17 0] 02 2 (A) ~ (H) ti. 02tC^L^c:^ 

[0 17 1] ^±tcT2^-;i/Ki. Tm^2, 
jns&^2 0 ^mm^-t^. 

[0 17 2] -e£0±K:>c.7^>i/;uPR$:?^u 
^y-t^. 

[0 17 3] PR^m^U ±@@10S:^bfe^C 
^ 8 Sr^bfc^lCU y h:ty'r^. 

[0 17 4] ■rmmziimm't^t.ximmmsizr^:^ 

[0 17 5] 02 3 (A) - (I) ti, 03tC^ 

[0 17 6] ^±{cTi^-;vKi, rmm2^mm 

m^^o ^cD±tc;^^>S/;i/PR$:?^^U iSt^Wr::^ 30 
[0 17 7] JItC, «l^^tSiif^2 0. ±m@9 

[0 17 8] ^oy^. m^s^^u oyh^yi. 
fc^tc, Tm@2;^)^sffi'r^^•e$ali^SIS8^c7^:$)^■^ 
u ±i/-;i/Ki o$:?^fig-r5o 

[0 17 9] f^$, 04— 06tC^tfc^(^'\^y KOf^ 
[0 18 0] JgtC, 02 4 (A) ~ (H) tjU 07tC5^ 40 

[0 18 1] fiP^, ^±ICT^-;VK1. T«i2. 

mMmf(^^bm^2o. ±m^9^m^^'t^. 

[0 18 2] ^<r>±\zy.'rysy)VPK^m^u yv- 

[0 18 3] Mc, PK^m^u wury.m7^^ 
vyh^i-y-r^. jgtc ii^^8$:^u 

>?r^:3?7;v^;ij-?!j;i//KU^vf»^^ (CMP) tCJ:»J$^ 
2/)^Smt-S^T'$^^8$:7^:fettU ±i>-;i/Kl 50 
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0 ^]m.-t^. 

[0 184] r:S^tC, 02 5 (A) ~ (H) li, 08{C^ 

[0 18 5] o^u. ^±cTi/-;i/Ki, rmm 

2. ®l^CMnE«j^2 0S:«i??C?^'t^, -eoO±lc;?.-5^ 

IC, i|&i^8J3i:U^Vr7.®7S:)(i?S»:fi^U U7 
h:ty't^. 

[0 18 6] HtC, PR^J^U $fi^8tT'^U> 

imMB 8 &7tfett u ±^>-;i/ F 1 0 ^m^^-f^, 

[0 18 7] --15. 02 6 (A) - (F) ti. 01 OC 
[0 18 8] fip-^, ^±tCTi/-;VFl, Tm^2, 

^msmm^zo. ^mmmi i, i^>'MT;^®7 

y V:^y't^. 

[0 18 9] ywm2iimm^^'tximm^8^'H^ 
n u ±mm 9 s.t)J±i^-;i/ k i o ^j^^-r^o 

[0 1 9 0] 01 Q\zmi^r=.m^mmm^y 
mo>^^\tm2b\z^hrcmsomsk(7M^tm\:> 

[0 19 1] mi^z. :^^(Dj^^^^. ^^^mz 
m,^^m^imx\ m2 77bmm2s^m^Lfj^f)^^j:^j 

[0 19 2] z.:ix'\m3^zmm-t^w^<rm^^m\z 
m^-t^:it^z-t^^ 

[0 1 9 3] xei : Tt^-;i/K$:fia^U PRm^ 

xj^^vy^trc\tvyh:tyi,z^vm2 7 (a) \zm^ 
ti^^tjM^\z/^^-yit^^o (f^ 04':fe«lT«^ 

^, ^^^T^cfev^T%f^c) 

[0 194] ^co^. T^v^v^fcitTFrn^Sr^-t 

So 

[0 19 5] xa2 : PR?^^tK^U>i/tC<i:yTm 

02 7 (B) tC^SnS^tCy'C^r-V^b-rS. 
[0 19 6] X^3 :02 7 (C) K^^tl^mzVy 

h^ypR^m^u rwmmmm^m^v. vyh 
[0 19 7] : wury^m^-^^-yitcDtzi^a) 

PR^jm.U 02 7 (D) tC^^tlS^'fc^^tC^ U 
>^^U PRS:Bi^^b^c^lCTMR^t;±m^l$: 

[0 19 8] JM^ : 02 7 (E) C^^tL^^tCTM 
RW^^-yit(Dr^tb0PR^m^U TMR]^$:yXU 
^ U V ^ L ;t^(C P R ^^-t^. 

[0 19 9] JMQ : 02 7 (F) tCzF^5 n5)^tC P R 
^m^U AUTM, ^'U-^, 
y^O. PR^^-t^a 
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[0 2 0 0] XM7 : 02 8 (A) tC^$tlS^tC±m 
[0 2 0 1] JMQ :02 8 (B) tC^$*l^:^tC_h@ 

i^tcmcoyh^yt^. 

[0 2 0 2] JM9 : 02 8 (C) ^m^^^mz^ 

m^H^^mvyh:tymPK^im.u mn^tm^i^i^ 
r:Lmzvyhytyt^. 

[0 2 0 3] XMl 0:028 (D) tC:^^tl^^tCJ: 

[0 2 0 4] X^l 1 :02 8 (E) tC^$tl-5^(Cfa 
[0 2 0 5] IB^^^y raitiifCOJ:e»«c«lfi^=fe<DT'& 

[0 2 0 6] 0:\z. m^^mmtiii^^^iz^mmm^r=. 

[0 2 0 7] 0^C^i:^mA^nTV^;5;v^;^^^, rO^gilU 
i:5<f:e)CABSMS:35i^Ja;?^(CSnXU ii'y.^yi/ 

[0 2 0 8] :i:ix*},tm3<Dmkoym^(Dmz'D^^x^ 

[0 2 0 9] 02 9(i, 02 SKm-tJMi Hm 
[0 2 10] f^tC, 2(s:^(7)ia^^^^y K^t;t|B^S 

[0 2 11] 03 o\t^^^mmi^t:^Mmm^^y k 

5 0CDfifc^T*&-S>o 

[0 2 12] ^^^*y Kti, ^4 2±},zn^^v K4 
St, ^4 3, n>r;V4 1, ±^4 4, RXJ^m^ 

[0 2 13] ClO^^y K5 0CJ:U, f2^t^±tcM^ 

ytixa)cf: e> \zn-y^'^^ ^±.\zwutc^mzjm.'t^ 
:itx. m-ii'^v^Kmmz^m^mti'^x^^, z.(r> 
^vv^7.^>(¥\z'mxu m^^n^mzmmi. 

[0 2 14] X, 03 1 \tJ¥m^<jM^<mm^'f-^ 




(15) #§§2 0 0 0-2 2 80 04 

28 

[0 2 15] K>^^^^-$:^tlS^5 2±IC, 
S^^^y K5 1feJ:tJ^^^y K5 0$:?^U 
13^^ 5 3±tC(4fi^«t>UT^$:fTe»o 

[0 2 16] f2S^^5 3titPl^U ^vYy^=^>(^- 
\t^m^^^(r>±^. 0. Zfirr^XfOm^. 

[0 2 17] r<7)«|SP{C,fc»j, m^^V K5 itiia^ 
^$;5 3tCf5^$nfe®l^fi^^S:, ^0^^^^5 4;C)^ 

10 [0 2 18] OTtC, 2|s:^C^S^^t«S^*nS&m^ 

[0 2 19] {i)mm.vy^}\^^v\^(m^ 
[0 2 2 0] m}\zMcm!(r>rz.mz. wm^zm^-^nx 

V^^^01 l<D^(D/\^y K$:fmLfco r(OBSh>*;i/ 
g^^ilbTti, Ta (3nm) /Pt46Mn54 
(25nm) /CoGOFelO (5) /Ru (0. 
9) /Co9 0Fe 1 0 (5) /Aimm (2nm) 
/Co90FelO (2nm) /Ni82Fel8/ 
(8) /Ta (3 nm) S:fliV>feo 
20 [0 2 2 1] J^^figg&{Cli2 5 0lC, S^OD^^aii^?: 

fiRm^FOffilliti:iil3^-t'5;^r^atc 5 o o o e <mm^m 

[0 2 2 2] K«:«lfiai-'£>:&i^t l.Xmky<D^ 

[0 2 2 3] ^-"^$2mCDT;V^^y^'±tCT;i/^^ 
5:1 0 $LmWM\^tc.^(^ 

Ti/-;!/ K®-i¥$ 1 MmC^Co 6 5N i 1 2Fe23 

T®^—Ta (5nm) /Au( 6 0nm) /T a 
30 (5nm) 

±®^-Ta (5nm) /Au( 60nin) /T a 
(5 nm) 

K^-^$ 1 AmCOCo 89Zr4Ta4Cr 

3 

i!<8ii^-^$ 2 0 n ma^T)\^^-f- 
WUr:^M-Cr (10nm)/Co74. 5Crl 
0. 5Ptl5 (3 63 6nm) 

40 ±:^-v*yr^^-?5:b 

[0 2 2 4] z:cD/\*)/ KS:03 0<©cfce»JfcfS^^— ^ 
M'N^V KtCiinXfe^fctfJ^^-r^SnXU CoCrTa^ 

xi*L h 5 ^^(iti 2 mi: 

[0 2 2 5] i:uRmi^<^Mr\z\tit^^m^^t^y^ 

50 ti2 5 0X:, 2^i:b7^o 
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[0 2 2 6] :i<DJM^^V^mtm=mt^:^\^t:\^^^ 

^tC, 2 0 0-0. 5 0 0OeflS#4', l^O^g^ 

[0 2 2 7] :i(Dmm^^z^^y')-M<7mmMf 

[0 2 2 8] m^0mmi\t 3. OkOe, MtTI^ 
0. 3 5 emu/cm2i:Lfc, S^f^Lfe^^y K=S:MVN 

[0 2 2 9] m^l^^&rF\zmt. 

[0 2 3 0] m^mti\,t3. imvt^n<. m^mjj 

NA«2 i dBi:<S<, tr^vhx^-l/-ht)lX10-3 

[0 2 3 1] rnti^^^cA^v^/NC^ifvy-fx*^ 

[0 2 3 2] mi ioymstx*\t. m/^>(ry^mtyv- 
mtmmm^::.^vm^^nx^^^rcmz. wutt. 

[0 2 3 3] ||^ffi:tF-3. ImV 

m^mm'^m'^^n^mi- 1 7 o k f c i 

S/N-2 1 dB 
bT^Vh^^-l^-N-lXl 0-3 
[0 2 3 4] 2fs:^<D|^^i:bT, 

Qomm^v K&fmufe, ^^^tcti2 5 or, 
\^x\wrf<D^<ri^m\'^tz,. 

[0 2 3 5] b>^;i/^^^-*Ta (3nm) /Pt4 
6Mn54 (25nm) /C o 9 0 F e 1 0 (5) /R 
u (0. 9) /Co 9 0 Fe 10 (5) /Al^t^ 

(2nm) /Co 9 0 Fe 1 0 (2 nm) /N i 8 2 F 
e 1 8/ (8) /Ta (3 nm) 
^•"/?$2mmC0r;i/^*V^^±CT;i/^:^5:l O^tm 

[0 2 3 6] Ti^-;i/KM-@^ 1 Am(Z)Co 6 5N i 
12Fe 2 3 0^ttat%, OTf^l^) 
rm^-Ta (5nm) /A u ( SOnm) /T a 

( 5 n m) 

J:@@^"Ta (5nm) /Au( SOnm) /T a 
( 5 n m) 

KM-"i^c5 1 ytt m(Z)C o89Zr4Ta4Cr 



(16) 4^2 0 00-2 2 80 04 

30 

3 

fmrn-m-^ 2 0 n m©r ;L' ^ ± 
WUTT^m-Or (1 Onm) /Co 74. 5Crl 

0, 5Ptl5 (3 6nm) mi2am^om^^^ 

<) , 

Ba^iQ^-fh (SOnm) (S 1 0 CO«lfi^(^)#^) 

^®S(j^®-cu (1. 2nm) m^om^om^<D 

10 

[0 2 3 7] dOD^^y K€:03 0c^^e>J5;i5lt^-^ 

^'^^vKtcjnxfeit;;:^^-r^''Sin:u CoCrTa^^ 

^y^iUliSAm, $^a,*t^-y^v:/Ji0. 2Aini, 
iL^h^vi^m%2tiTCit\^t^. TMR^^^OtinXC 

[0 2 3 8] m^^^^v K^<7)^-<>^l/gPf^fi^^r7 3^ 
20 M/i;::^.h®-fb3^t±2 5or;. 2^i:Lfe, 

[0 2 3 9] r(^X^tCi:*J:*:3f£ti^lif$:^roI$:r&JVN 

fj:^t^ox\ m^^^y m^^xmm^v rasf^^mr 

^tC, 2 0 or, 5 0 0Oe^cfi, 1 ^^CO^^^ 

[0 2 4 0] z.(Dmm^\z^^yv~m(mimM 

30 [0 2 4 1] m^cm^\t3. OkOe, MrTfri 
0. 3 5emu/cm2i:L^o f^f^U^c^^v KSr^VN 
T. :^m±, S/N, :^m:^JA^^f^^^v-^:g 

[0 2 4 2] tmoymm mi 2<D^(m^) 
^^:$inm<Dmk(m^u^i^^mmx'^^). n^mtj 

40 [0 2 4 3] U*^U ;*:^^7>^^iv^mcD^%^^^ 

^timi^xsx'Nimmz^nx^^). br^yhx^ 

[0 2 4 4] Zltltt, 01;&^^©1 OtC^U^j:e»?fcifSf 

[0 2 4 5] I^IC, K^?tT'<^R-H;i/-3?'$:M 
50 R^i$r-$:^VAT^M^Lfei:r5, 7 U -MOt:>^.5^U 



(17) 



31 



4tii200 0-22 8 0 04 
32 



i/:^im^fm^<m^timi.x^ms^\z^m^tir\^ * [02 4 6] 

m ^ mi 01 02 03 

(mm 

m^mMmv) 3.1 3.0 

^n^tmOsK.!) 170 180 
S/'N(dB) 21 31 

1X10-3 1X10-7 

[0 2 4 7] (2) 7s\^Z/Aj]/':f^y ]^om^ 

[0 2 4 8] mmcitm>r=-mz. ^^^zmm^tix 

[0 24 9] z.<D^7.\^y/V]/:fS^t:LX\t. ypt 

(2nm) /Ir21Mn79 (5nm) /Co9 OF 
e 10 (5) /Ru (0. 9) /Co 9 0 Fe 10 

(5) yCu (2nm) /Co90FelO (Inm) 
/Ni 8 2Fe 1 8 (3) /Pt (2nm) S:MV^y^o 20 

[0 2 5 0] ^^^(ctt2 3 or, 5^ma:>mm^ 
mm<m^t\tm^t^i3\^ic 5 o o o > <7>^^m 

[0 2 5 1] ^"•^$2mm©T;i/^*y^±tCT;i/^ 

Tt/~)V\^M'"J¥-^0. 3 MmOCo 6 5 i 1 2Fe 2 
3 (m^\teL t%, 

T^fiiM"Ta (5nm) /Au( SOnm) /T a 
(5nm) 30 

±1IMM"-Ta (5nm) /AuC 60 nm) /T a 
( 5 n m) 

±t/-;i/K^-iP$0. 3 Mm<^)Co 8 9 Z r 4Ta 4 
Cr 3 

i|<^^-JP$ 2 0 nmCDr;!/^-^ 
3a/t^T>^M-Cr (5nin) /Co7 4. 5Crl 
0. 5Pt 1 5Cr (1 2nm) 

±^^y:fm-^jih 40 

[0 2 5 2] ZC^^^y KS:03OOD<fce)?5:iS^II^-^ 
^^^v RcSnXfc<fct;^^>f^*'iIIXU CoCrTa^ 

[0 2 5 3] ^ICDI^ ||^ji^!^^h^^yi'<lt±0. 5m 
m, ^$ii*L:^^>yytiO. Oa^m, ^s^^ii^h^^v 

[0 2 5 4] #^j2,^^*y K^=^-f;vgMm^:7 5^ 50 



3.1 3.1 3.0 3.0 3.1 3.1 

190 185 190 . 185 185 180 
30 31 31 30 29 29 

M 



[0 2 5 5] i.<DxmK.j;i^):^mtmTmt^yf\^^\^^^ 
\^-mmu ^i^immmm^tvxiEi.<W}i^i.fjt< 

^{C, 18 ox:, 5 0 0OeSai|f.c|i, 1! 

[0 2 5 6] :ri0>m^mM\cJ:^yv-} 

[0 2 5 7] m^<Dmch\t 4. OkOe, MrTti 
0. 3 8 emu/cm2i:Lfeo ^f^bfe^^y K&^V> 

[0 2 5 8] m^m^i^xfiz^-r. m.mt}i>t3, s 

^"l/- h%2X 1 0-3^^^ofeo 

[0 2 5 9] ^titi^^^tc>'^;i/i?A'i7if>y>rx/)^ 

[0 2 6 0] ^ffi:^"3. 8mV 
ll^£fi:^*^mtSf2^^^l^"- 1 8 0 k FCI 
S/N-20dB 
tr^y hx^-l/-h"-2x 1 0-3 
[0 2 6 1] 2^^<Z)||gfe^Ji:LT01-01 0 

[0 2 6 2] ]^^tfeg&JCl3:2 5 or. 5^<^|g^$: 

wmm>m^iL\tm^'t^:^\^\z 5 o o o e <m^^^ 

inUodtfof-» ^^y K<7)#glte^^i:bTt^T<0=fo 

[0 2 6 3] >^.tr>/VVy^--/Pt (2nm)/Ir 
2 IMn 79 (5nm)/Co90FelO (5) /R 



33 



u (0. 9) /Co 9 0 Fe 10 (5) /Cu (2n 
m) /Co90FelO (Inm) /N i 8 2 F e 1 8 
(3) /Pt (2nm) 
m^-m^ 2mm<DrJ\r^y ^ ^K.rjV^'f'^ 1 0 Mm 

Ti>->'l/FM—PSO. 3Mm(0Co6 5Ni 1 2Fe 
2 3 (l(8mt&t%^ OTflC) 
T@Si®-Ta (5nm) /Au( 6 0nm) /T a 
(5 nm) 

±WMM'-Ta (5nm) /Au( 60nm) /T a 
(5 nm) 

±^>-;i/FS-iP$0. 3MmOCo89Zr4Ta4 
Cr 3 

!|ieii^-j?$ 2 0 nm(OT;i/^:t- 
i^t>fy>^M"*Cr (5nin)/Co74. 5Crl 
0. 5Pt 1 5 (1 2nin) 

[0 2.6 4] ro^^y K$:03 0CD.fce)?&fS^^^ 
^^'y KtCifin:fei:pCx^>f:5flCi:U CoCrTa^ 

[0 2 6 5] Z(D^ ^^jh^h^V^m\tO, 5m 
nu ^^T^^^^V^ltO. 0 8 Mm, ^^i^^^h^^y 

[0 2 6 6] m^^^^v m<r>^^ jvm^^ii^y^ 
hui^y^hmi\:jM\t2Sox:. 2^i:Ufc, z<r>j: 

^y KSiJfe<fctKI2^^^y raJf^fimr^C, 2 0 0-0, 5* 

m ^ mn m] 



10 



(18) 4^2 0 0 0-2 2 80 04 

34 

*oooe^4^, imm(Dwm!$m^i7'Dt:L. 
[0 2 6 7] :i<DmmmM^^^y'J~m(ommM 

[0 2 6 8] ^<D^fiay3li4. OkOe, MrTti 
0. 3 8 emu/cm2iiL/fco 
[0 2 6 9] ^f^bfc^^y KSrMV^T, S/ 

N, n^mtfti^^mt^^-^^ mmo , i^^yhx 

[0 2 7 0] M^^5:OTtC^-r, 
[0 2 7 1] ^f^Lfe^^y K$:^v^T, ^ffi:^, S/ 

[0 2 7 2] «!l^||S:J£<TtC^i-, IMc^>t^5l5^ (M 

[0 2 7 3] -ec^)!^ n^mMmmmoM^^:^ 

[0 2 7 4] uA^u >^^<o#^^i^r^1•tl®#^%;^^e 
[0 27 5] mti. mii)''^mi oizmLt^^^tm 

[0 2 7 6] l^tC, A.^i, K^T'0R-H;1/-:/S:M 



20 



30 



^m:^(inv) 

S/N(dB) 



3.8 

175 
20 
2X10-3 



3.9 

185 
33 



[0277] 



f7 mS 010 09 



3.7 3.8 3.7 3.8 3.9 3.9 



190 
34 



180 
33 



195 
33 



190 
34 



185 
30 



1X10-7 f^^ f^^ 



185 
31 



[0 2 7 8] rk\c. ^^m^mmLx^if^titcmiv= 
[0 2 7 9] m^7=^ y.^mm\t^'-y^±^c3^<mm. 

^-rxi^^rm, '<-^^tC/\*y KI^Mmi&fc<fctffl 

^^im3mtAmt3^y^-y:!L>(y.t^i^^x\^^. 

[0 2 8 0] ^SPi:li3 2t^>y h(b/^;^^><>T'gg^$ 



50 



[0 2 8 1] y.^(0mmt4: 6mmX^V. "r-^ 
MitiCgl 0mni;?)^e>4 Omm*"e$:^1-So 



(19) 
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[0 2 8 2] ^m\t. w^3>t:rL-^-(z>^Ma« 

[0 2 8 3] 

[02] @2ii. :^^\z^^mmmm^^y i^om 
[03] 03 li, ^^\zm^^&^mmm^y \^(m 
[04] 04 (t, ^^izm^mimmm^v \^(m 20 

[05] 05ti, :*:^tC^-5m^C^^t5&m^^v KOH 

-So 

[06] 06ti, :^^\zm^^smm&m^y }^<m 

[07] 07ti, :$:^^tC-^Sffi£^^x2S5&^^^y K£^ 
4 (7):R($:M<^)^$:iJi^'r«>»fM0T&eo 

[08] 08ti, \^<Dm 30 

[09] 09 li, 2(s:^^tc^SS£^^^e5&^^y Kom 
7 O)^i*:^<D^S:^^^-5^f®0T'fe5»o 

[010] 01 ott, y^^izm^m^ismsm^y k 
[01 1] 01 lit. m^<om^immm^v \^oM^ 
[012] 01 2ii, m^i^im^v ]^\zm^^. m 

[01 3] 01 3\,t. 01 z<m&\zm^^r=^i^^^<omM, 

[014] 0 1 4 li. :^nm\zm^^^imi^^}3^y K 
[015] 01 5ti, 2fc^c^5>ss^(^*ni^^r^^v K 
[01 6] 01 6ti, :*:^{C^-£>Sa^C^^5S^fm^'y K 

[01 7] 01 7(i, :^^\zm^^mmm}m^^y k 
oym4 (oM.wmoym^^m.m^^^mmx&^. 50 



4fg§20 0 0-2 2 80 04 
36 

[01 8] 01 8ti, :^^izm^mM^m}^y k 

[019] 01 9ti, 2fs:^tc^-S^^ln2!5&m^^y K 

[02 0] 02 Oli. 2(s:i^tc^-5Sg£^(MnS&l^^y K 
(m 6 (^);^^Ma)^S:m^-r-5¥®0T*^S. 

[02 1] 02 ui, :^^izm^mi<DM.i^m<Dm. 
[02 2] 02 2ti, :^^\z^^m2<DM.mioymi 
[02 3] 02 3ti, :^^izm^m3(DM.ii^m(m^ 

[02 4] 02 4 ti. :^^\zgk^m4<DM.i^m(Dmi. 
[02 5] 02 5ti, :$:^{zm:S>m^R(Jme<D^^ 

[02 6] 02 6ti, :^^{zm^my (DM.i^m<r^mL 

[02 7] 02 7ti. 4s:^{c-^5fiS^(^S?tS^jF^^v K 

[02 8] 02 8 li, :^^\zm^mmmm^y ]^ 

[02 9] 02 9 :^^\zm^^mmiim^y K 
\zm\'f^mmmmm^^^t}immizm\i^r=.m 
^^<Dm:mi^^)3m^m<Dmm%:mirmmmx':&^. 

[03 0] 03 oti, :^^mizWi^^s^<mism^y k 

[03 1] 03 ui, :^^cymimismm^^m^^ 
r=.m^^n^w<m^-M^^'t^^X':^^o 

1- Ti/-;i/KM 

2- rwmM 

4-03^ 

9-±ffli^ 
1 o-±i/-jvm 
1 1 

4i-3>r;i/ 

4 2--S«^ 

43-^ 

4 4-±?^ 
4 5-:^^*y F 



4 6-ABS® 

5 0"'^S^^^y K 
5 l-H^'N^y K 
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5 4-^^iJ^A^e>C0Ji*l^ 
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[02 0] 
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